1)
Earlier investigations of Pyrola plants led to the isolation of ursolic acid, 3) an iridoid, 4) quinones, 5, 6) flavonoids, 4, 5, 7) tetralones 5) and other phenolic glycosides. 4, [8] [9] [10] [11] [12] As part of our continuing search for anti-inflammatory agents from plants, [13] [14] [15] [16] a BuOH extract of the whole plant of P. japonica was subjected to a chemical investigation leading to the isolation of twelve compounds, among which five were new. The present paper deals with the isolation and identification of these compounds.
The BuOH fraction from the MeOH extract of the whole plant of P. japonica yielded 5 new compounds (4, 5, 7, 8, 10) upon column chromatographic separation, together with 7 known compounds, 5 phenolic glycosides, androsin (2), 17) (Ϫ)-syringaresinol glucoside (3), 18) homoarbutin (6), 4, 10) hyperin (11), 4, 5, 12) pirolatin (12) 8, 9) together with an iridoid, monotropein (1) 4,7) and a naphthoquinone, chimaphilin (9) . 3, 5, 6, 19) TLC analysis of the acid hydrolysates of 4, 5, 7, 8, and 10 indicated the presence of glucose in 4, 5, 7, and 8, and glucose and xylose in 10. The absolute configuration of the sugars was determined to be D by GC analysis of their thiazolidine derivatives. 20, 21) Compound 4 was obtained as a whitish amorphous powder and had a protonated molecular ion peak at m/z 345.1188 in high-resolution (HR)-FAB-MS, in agreement with the molecular formula C 15 H 20 O 9 . The absorption maxima at 223 and 288 nm in the UV spectrum, and 3464, 3372, 3293 cm
Ϫ1
(OH) and 1508 cm Ϫ1 (aromatic ring) in the IR spectrum, indicated the presence of phenolic functionality. In addition, the IR spectral data of 4 suggested the presence of a carbonyl group (1715 cm
) and glycosidic C-O (1082, 1047 cm 22, 23) except for the presence of an additional 3H singlet at d 3.67, assignable to a methyl ester group in the former. This result was further supported by electron impact (EI) mass spectrum. Although the molecular ion was not observed in the EI-MS of 4, the fragmentation pattern of the aglycon part was identical to that of 2,5-dihydroxyphenylacetic acid methyl ester.
23) The placement of the methyl acetate, hydroxy and glucosyloxy groups at C-1, C-5 and C-2 was confirmed by analysis of the heteronuclear multiplebond correlation (HMBC) spectrum. As shown in Table 2 , both H-7 (d H 3.69) and H-9 (d H 3.67) showed HMBC correlations with the same C-8 (d C 174.6). Thus, the structure of 4 was determined to be 2-b-D-glucopyranosyloxy-5-hydroxyphenylacetic acid methyl ester.
Compound 5 was obtained as a whitish amorphous powder with a molecular formula of C 18 3 ) in 7, instead of a 3-hydroxy-3-methylbutyl group at C-2 in 5. The cross peaks observed between the signals at d 5.58 (H-2Ј) and 3.95 (H-4Ј), as well as between the signals at d 3.37 (H-1Ј) and 1.74 (3Ј-CH 3 ) in the two dimensional nuclear Overhauser enhancement spectroscopy (NOESY) spectrum ( Fig.  1) , suggested an E configuration of the double bond of the 4-hydroxy-3-methyl-2-butenyl moiety. 25) Thus, the structure of 7 was determined to be 4-hydroxy-2-[(E)-4-hydroxy-3- 
1 H signal correlating with Compound 8 was obtained as a whitish amorphous powder and gave rise to a protonated molecular ion [MϩH] ϩ at m/z 601.2847 in (ϩ)-HR-FAB-MS, compatible with a molecular formula of C 29 H 44 O 13 . The only difference between NMRs of 8 and pirolatin (12) 9) was the presence of one mole of an additional glucose unit (d C 102.4, 75.1, 77.9, 71.6, 78.2, 62.7) in the former, and small variations in chemical shifts (C-8Ј: ϩ6.5; C-7Ј: Ϫ3.1; C-6Ј: ϩ2.6) due to a glycosidation shift. 26) Therefore, an additional glucose moiety was linked at the C-8Ј position of the side-chain. In order to determine the definite linkage positions, a HMBC experiment was performed. In the HMBC spectrum of 8 (Table 2) C-NMR spectrum of 10 displayed signals for 23 carbons, 12 of which were assigned to the aglycon moiety; the remaining 11 must be due to one mol each of glucose and xylose units. The general NMR spectral feature of the aglycon moiety was similar to that of renifolin, 9) a characteristic glucoside of pyrolaceous plants. A comparison of the 13 C chemical shifts of 10 revealed that the compound differs not only with respect to the linkage position of the disaccharide moiety to the aglycon, but also the presence of additional 13 C signals for a set of xylose as the terminal sugar. In the HMBC spectrum (Table 2) C-NMR assignments for the known compounds. From these results, the 13 C-NMR data for homoarbutin (6) and its isomer, isohomoarbutin, 27) are reported for the first time, while the data published previously in the literature 9) require revision for pirolatin (12) .
Experimental
General Experimental Procedures The optical rotations were determined on a JASCO P-1020 polarimeter. The IR spectra were obtained on a JASCO FT/IR-5300 spectrometer. The EI-MS was performed on a Hewlett Packard 5989B mass spectrometer. The FAB mass spectrum was obtained in a 3-nitrobenzyl alcohol matrix in positive ion mode on a JEOL-700 spectrometer. The NMR spectra were measured on a Varian Gemmi 2000 instrument (300 MHz) or a Bruker AM-500 (500 MHz), and the chemical shifts were referenced to TMS. GC analysis was performed as previously described 21) using a 5890 Series II ϩ gas chromatograph. The TLC was performed on silica gel 60F 254 (Merck).
Plant Material The whole plants of P. japonica were purchased at Kyungdong crude drug market in February, 2002. The botanical identification was made by one of the authors, Prof. K.-H. Bae. A voucher specimen (CNU 1584) was deposited in the Herbarium of the College of Pharmacy, Chungnam National University.
Extraction and Isolation The powdered whole plants (2 kg) of P. japonica were extracted five times, with MeOH under reflux, to give an extract (650 g). The MeOH extract was suspended in water and successively partitioned with n-hexane, dichloromethane, ethyl acetate and n-butanol to yield 34.3, 24.1, 117.9, 105.9 and 338 g fractions, respectively. A portion of the n-butanol fraction (100 g) was subjected to Sephadex LH-20 column chromatography with H 2 O containing increasing amounts of MeOH (0, 30, 50, 70, 100%), as the eluent, to furnish fourteen fractions (B-01-B-14). . Fractions B-08-01-03 and 04 were combined and crystallized from MeOH to give 9 (13 mg). Fraction B-12 was crystallized from MeOH to give 11 (17 mg) . The seven known compounds, monotropein (1), 4, 7) androsin (2), 17) (Ϫ)-syringaresinol monoglucoside (3), 18) homoarbutin (6), 4, 10) chimaphilin (9), 5, 6) hyperin (11), 4, 5) and pirolatin (12) 8 ,9) were identified by comparison of their physical and spectral data with those previously reported. 5, 7, 8 , or 10) (1 mg) in 2 N HCl-dioxane (1 : 1, 2 ml) was heated at 100°C for 1 h. The reaction mixture was neutralized with Ag 2 CO 3 , filtered and then concentrated to dryness in vacuo to give a residue. The residue was treated with L-cysteine methyl ester hydrochloride (1 mg) in pyridine (0.2 ml) at 60°C for 1 h. The solution was treated with N,O-bis(trimethylsilyl)trifluoroacetamide (0.05 ml) at 60°C for 1 h. The supernatant was applied to GC as described previously.
21) D-Glucose from 4, 5, 7 and 8 and D-xylose and D-glucose from 10 were identified.
